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To all whom it may concern: 



Be It known that Jerome O. Cantor and Bronlslava Shteyngart 
have invented certain new and useful improvements In: 



Intratracheal Administration of Lysozyme 



of which the following is a full, clear and exact description. 
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INTRATRACHEAL ADMINISTRATION OF LYSOZYME 

BACKGROUND OF THE INVENTION 

Lysozyme is increased in inflammatory reactions and Is a component of the 

5 extracellular matrix, but its possible role in lung diseases such as emphysema and interstitial 
fibrosis has not been investigated. Determining the significance of any changes in pulmonary 
lysozyme content is complicated by the fact that this protein has no recognized physiological 
function in the lung other than protecting it from bacterial Infection (1-3). 

To further understand the role of lysozyme in pulmonary disease, tissue sections 

10 from normal, fibrotic, and emphysematous human lungs were evaluated for differences in 
lysozyme content. An increase in extracellular lysozyme was specifically observed in lung 
tissues with pulmonary emphysema, and the protein was preferentially associated with elastic 
fibers, which undergo breakdown in this disease (4). 

Since this laboratory and other investigators have previously shown that hyaluronan 

1 5 and other polysaccharides surround elastic fibers (5-7), normal lung tissues were treated with 
hyaluronidase and examined for their ability to bind exogenously administered lysozyme. 
Such treatment resulted in increased attachment of lysozyme (4), suggesting that 
degradation of extracellular matrix components, as occurs in pulmonary emphysema, may 
expose binding sites for lysozyme on elastic fibers. In vitro studies, using an extracellular 

20 matrix preparation mainly composed of elastic fibers, confirmed that lysozyme has a strong 
affinity for these fibers (unpublished observations). 

While the mechanism responsible for the obsen/ed affinity of lysozyme for elastic 
fibers is unclear, it is possible that lysozyme may bind to specific carbohydrate residues in 
elastic fibers. N-acetyl-D-glucosamine, a component of bacterial cells susceptible to 

25 degradation by lysozyme, has also been found in glycoproteins associated with elastic fibers 
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(8). Injury to elastic fibers, as occurs in pulnnonary ennphysema, may expose such residues, 

thereby facilitating lysozyme binding. 

The enhanced binding of lysozyme to elastic fibers in pulmonary emphysema may 

protect these fibers from further injury. Previous work by other investigators has shown that 
5 lysozyme prevents elastolysis in vitro (9). Lysozyme could therefore be useful in treating 

emphysema and other diseases involving damage to elastic fibers, such as asthma, 

pulmonary fibrosis, respiratory distress syndrome, bronchopulmonary dysplasia, and cystic 

fibrosis. This protective effect of lysozyme would complement its antibacterial properties (1- 

3) and make it particularly beneficial in the treatment of certain types of pulmonary infections 
10 where there is necrotizing lung injury. Similarly, lysozyme has been reported to counteract 

HIV infection (10) and may therefore be useful in the treatment of pneumonias and other 

disorders associated with AIDS. 

Another useful property of lysozyme is its ability to bind to and disaggregate 

hyaluronan and other polyanionic compounds (1 1). Lysozyme might therefore be utilized to 
15 treat lung diseases involving excess mucus secretion in airways. In particular, this protein 

may help alleviate the obstruction of airways associated with pneumonias, asthma, and cystic 

fibrosis. 

This same ability of lysozyme to disaggregate hyaluronan may also be beneficial in 
pulmonary fibrosis, where significant accumulation of this polysaccharide occurs in 

20 conjunction with collagen, elaslin and other polysaccharides (12-14). By disaggregating 
hyaluronan, lysozyme may interfere with the fibrotic process, thereby ameliorating the 
disease. As shown in studies from this laboratory (4), there is a decrease in lung lysozyme 
content in pulmonary fibrosis (relative to the proliferation of other tissue components), which 
may conceivably facilitate the fibrotic response. 

25 With regard to intratracheal administration of lysozyme, this laboratory has shown 

that an aerosol preparation of the protein rapidly penetrates the lung, remains there for at 
least 24 hrs, and does not cause pulmonary injury (unpublished observations). These 
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findings suggest that iysozyme could also act as a vehicle for intratracheal delivery of drugs 
for the treatment of pulnnonary and systemic diseases. By virtue of its attachment to elastic 
fibers, Iysozyme could slow the pulmonary clearance of inhaled therapeutic agents, thereby 
increasing their effectiveness in the lung. 

5 

SUMMARY OF THE INVENTION 

The subject invention is directed to the treatment of respiratory disorders by 
intratracheal administration of an effective amount of Iysozyme. Respiratory disorders 
include emphysema, pneumonia, respiratory distress syndrome, bronchopulmonary 

10 dysplasia, interstitial fibrosis, cystic fibrosis, and neoplasia. The treatnnent is intended for a 

variety of mammals, such as premature neonates to adult humans. 

Administration of iysozyme may be performed by aerosol, which can be generated by 
a nebulizer, or by instillation. The Iysozyme may be administered alone, or with a carrier 
such as saline solution, DMSO, an alcohol, or water. It may also be used as a vehicle for the 

1 5 intratracheal administration of drugs or other agents to the lung. The Iysozyme may be 

isolated from a natural source, such as eggs, or synthesized by a bioprocess, such as 
fermentation. The effective daily amount of Iysozyme is from about 10 jig/kg to about 1 
mg/kg of body weight. 

20 BRIEF DESCRIPTION OF THE FIGURES: 

Figure 1: 

Immunostaining for Iysozyme was significantly increased in pulmonary emphysema 
compared to normal lungs. 
Figure 2: 

25 Disrupted elastic fibers in emphysematous lungs showed prominent immunostaining for 
Iysozyme (Avidin-biofin labeling counterstained with Mayer's hematoxylin. Original 
magnification: x 2000). 
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Figure 3: 

Immunofluorescence studies with anti-lysozyme antibodies, performed after treatment of the 
matrix with lysozyme, produced a pattern that resembled the appearance of matrix elastic 
fibers. The finding indicates that lysozyme binds to these fibers. 
5 Figure 4: 

Treatment of radiolabeled matrix with lysozyme produced no significant release of 
radioactivity, indicating that the protein does not cause elastolysis. 
Figure 5: 

Photomicrograph of lung, 24 hrs after exposure to aerosolized lysozyme. No inflammatory 
10 changes, such as alveolitis or interstitial edema, are present. 
Figure 6: 

Immunofluorescence studies, using anti-lysozyme antibodies, demonstrated that the 
exogenous lysozyme was present in the pulmonary interstitium 30 minutes after completion 
of the aerosol exposure and could still be detected at 24 hrs. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The subject invention is directed to the treatment of respiratory disorders by 
intratracheal administration of an effective amount of lysozyme. Respiratory disorders 
include pulmonary emphysema, pneumonia, respiratory distress syndrome, 

20 bronchopulmonary dysplasia, interstitial fibrosis, cystic fibrosis, and neoplasia. The treatment 

is intended for a variety of mammals, such as premature neonates to adult humans. 

Administration of lysozyme may be performed by aerosol, which can be generated by 
a nebulizer, or by instillation. The lysozyme may be administered alone, or with a carrier 
such as saline solution, DMSO, an alcohol, or water. It may also be used as a vehicle for the 

25 intratracheal administration of various agents, such as those, which prevent degradation of 

elastic ftbers or promote their resynthests. The lysozyme may be isolated from a natural 



5 



source, such as eggs, or synthesized by a bioprocess, such as fermentation. The effective 
daily amount of lysozyme is from about 10 |ig/kg to about 1 mg/kg of body weight. 

The amount of lysozyme intratracheally administered daily to a human being may 
vary from about 10 ^g/kg to about 1 mg/kg of body weight. Preferably, the daily amount is 

5 from about 10 ^g/kg to about 100 p,g/kg, for example about 50 ta,g/kg body weight of the 

human being treated (daily). The intratracheal lysozyme may be administered in any of the 
methods well known to those skilled in the art. For example, the lysozyme may be 
administered in the form of an aerosol or may be administered by instillation. If administered 
in the form of an aerosol, a nebulizer is used to produce lysozyme in aerosol form (See for 

10 example US Pat. Nos. 4,649,911 and 4,119,096). 

Typically, the lysozyme is administered in a pharmaceutically acceptable carrier. 
Such examples include saline solution, DMSO, an alcohol, or water. Such carriers are well 
known in the art, and the specific carriers employed may be varied depending upon factors 
such as size of the subject being treated, treatment dose, and the like. 

1 5 Further, the time over which the lysozyme is administered may vary as is well known 

in the art to achieve the desired results. For example, the lysozyme may be administered as 
an aerosol from about 10 minutes to about 1 hour per treatment regimen, 3 times daily, or 
until the desired daily dosage is fully administered. 

In addition, forms of lysozyme may be derived from the eggs of chickens and other 

20 species, or synthesized by a bioprocess, such as fermentation. All forms of lysozyme, 

regardless of source, would follow a treatment similar to that described above. 

EXPERIMENTAL FINDINGS 

Preferential Binding of Lysozyme to Elastic Fibers in Pulmonary Emphysema: 
25 Emphysematous lungs showed a significant increase in extracellular immunostaining 

for lysozyme compared to either normal or fibrotic lung tissues (3.4 ± 0.5 (s.d.) vs 1 .6 ± 0.8 
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and 1 .9 ± 1 .0, respectively; p<0.05; figure 1). In all three groups, there was preferential 
staining of interstitial, vascular, and pleural elastic fibers. However, the emphysematous 
lungs showed particularly intense staining of these fibers, especially in areas where there 
was airspace dilatation and attenuation of the alveolar septa. The immunostained elastic 

5 fibers associated with alveolar distention often appeared fragmented (figure 2). 

Tissue sections from normal lungs, treated with bovine testicular hyaluronidase and 
incubated with egg-white lysozyme, showed a significant increase in immunostalning for 
lysozyme compared to controls not exposed to hyaluronidase (1 .9 ± 0.8 vs 1 .2 ± 0.7, 
respectively; p<0.05). This result was not due to increased immunostaining of endogenous 

10 lysozyme, since tissue sections treated with hyaluronidase, but not incubated with lysozyme, 

showed no significant increase in immunostaining compared to controls (0.9 ± 0.2 vs 0.6 ± 
0.2, respectively; p>0.05). 

The anti-human lysozyme antibody used in these studies reacted positively when 
tested against both human neutrophil lysozyme and egg-white lysozyme. 

15 Attachment of Lysozyme to Elastic Fibers In Vitro: 

Lysozyme was tested for its ability to bind to elastic fibers in vitro, using a cell-free 
matrix preparation. The matrix was prepared from cultures of rat pleural mesothelial cells, 
which have previously been shown to synthesize elastin (15). Both the histochemical and 
immunofluorescence studies demonstrate that the matrix contains a complex network of 

20 elastic fibers. Relatively little collagen is present, based on the absence of positive (red) 

staining for this component with the Verhoeff-Van Gieson stain (5). 

To determine if lysozyme binds to these fibers, matrix samples were incubated with a 
0.1% solution of the protein for 30 min, washed, and subjected to immunofluorescence 
studies, using anti-iysozyme antibodies. The resulting pattern of fluorescence resembled the 

25 appearance of the matrix elastic fibers, indicating that lysozyme binds to these fibers (figure 

3). 
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The ability of lysozyme to degrade elastic fibers was determined by exposing 
radiolabeled matrix to 1 mg/ml or 100 ^g/ml of egg-white lysozyme for 3hrs at 37° C. Such 
treatment produced no significant release of radioactivity, Indicating that lysozyme does not 
cause elastolysis (figure 4). 

5 Intratracheal Administration of Lysozyme: 

Syrian hamsters, weighing approximately 100 g, were placed inside the plexiglass 
chamber and exposed to either aerosolized chicken egg-white lysozyme (20 mg in 20 ml 
water) for 50 min. Controls were exposed to 20 ml water alone for 50 minutes. The animals 
were sacrificed either 30 min or 24 hrs after exposure, and their lungs were fixed in situ by 

10 inserting a catheter into the trachea and instilling 10 percent neutral-buffered formalin at a 
pressure of 20 cm H2O. After 2 hours, both the lungs and the heart were removed from the 
chest as a single block and additionally fixed in 10 percent formalin for several days. The 
lungs were then dissected free of extraparenchymal structures, sectioned randomly, and 
processed for histology. Unstained slide sections were treated with goat serum for 30 min, 

15 washed with PBS, then incubated with goat anti-rat lung elastin antiserum for 1 hr and 

washed with PBS. After treatment with rabbit serum for 30 min, a secondary, fluorescein- 
labeled rabbit anti-goat IgG antibody was applied for 1 hr. The slide sections were then 
washed with PBS and examined with a fluorescence microscope. Additional sections were 
stained with hematoxylin and eosin to determine possible inflammatory changes in the lungs. 

20 Hamsters exposed to aerosolized lysozyme for 50 minutes showed no inflammation 

at 24 hrs (figure 5). Immunofluorescence studies, using anti-lysozyme antibodies, 
demonstrated that the exogenous lysozyme was present In the pulmonary interstitium 30 
minutes after completion of the aerosol exposure and could still be detected at 24 hrs (figure 
6). 

25 Discussion of Findings: 

The results of these experiments indicate that lysozyme binds to elastic fibers but 
does not cause either elastic fiber injury in vitro or lung injury in vivo. Lysozyme may 
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therefore be a safe and effective agent for the treatnnent of lung diseases involving infection 
and/or damage to elastic fibers. The ability of lysozyme to bind to elastic fibers, readily 
penetrate lung tissues following aerosolization, and remain in the lung for at least 24 hrs 
strongly suggests that this protein could also act as a vehicle to reduce the clearance of 
intratracheally instilled agents from the lung. Furthermore, the attachment of lysozyme to 
polyanionic compounds associated with mucus, such as hyaluronan, may serve to 
disaggregate impacted secretions within airways, thus improving respiration in diseases such 
as pneumonia, bronchiectasis, and cystic fibrosis. 
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